INTRODUCTION
One of the greatest needs in both research and practical crop production is a method for measuring instantaneous plant growth.
If we could go out in the field and make simple rapid measurements of plant growth rates, the application and benefits would be immediate and far reaching.
The instantaneous growth rate is characterized by the carbon balance of a plant or crop. Some years ago Terry (9) and some of his associates made detailed studies of CO2 exchange parameters of beet leaves effected by nutrient deficiencies.
Under carefully controlled conditions he found changes Ihat developed in the very early stages of nutrient stress. Following this lead I attempted to make a practical application on sugarbeets (Beta vulgaris L.) growing under real field conditions
(1). The objective was not accomplished because variation in CO2 exchange was greater from leaf to leaf than the changes brought on by the initiation of stress. The data and results reported here come from additional studies using field-grown sugarbeet leaves. The objective was to pinpoint the fundamental differences in the leaves that lead to the large variability in CO 2 assimilation from leaf to leaf. Since these differences may be selectively effected by various types of plant stress, nitrogen and water variables were applied on the filed plots. Temperatures were also monitored with particular attention to the cool periods that occurred.
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Four steps occur during the course of CO 2 fixation, any of which can individually limit the rate of assimilation.
1. The CO 2 must diffuse through the stomata into the leaf interior. 2. The CO 2 must diffuse through the gas phase of the mesophyll tissue to the cells with chloroplasts. 3. Transport of CO2 in the liquid phase through cell walls into the chloroplasts must occur. 4. A sufficient supply of both RuBP (ribulose-1,5 biphosphate) and active carboxylating enzyme sites must be present in the chloroplasts. -These four factors may be expressed as individual resistances to CO2 fixation. The size of each resistance may be estimated from gas exhcange measurements made under carefully controlled conditions.
A fifth factor, leaf respiration, must also be considered in this type of analysis, for when the four resistances are low allowing rapid CO 2 fixation, a high respiration rate can negate the net result.
Calculation of the values of these five facto. rs was made for individual leaves. Steps in the CO 2 assimilation path that led to the large differences in photosynthesis among field grown sugarbeet leaves are discussed in light of the results.
MATERIALS AND METHODS
Sugarbeets were grown in the field in Southcentral Idaho on the portneuf silt loam soil ( Durixerollic calciorthid ) which has been described in detail (2). The control treatment was fertilized with N and P and irrigated from furrows in accord with prevailing best management recommendations. Other areas were managed to create either N or water stress by not fertilizing and discontinuing irrigation after July 7.
Throughout the growing season leaves were removed with their petioles submerged in water and brought into the laboratory for detailed gas , exchange measurements in the chamber described previously (3).
Gas exchange measure-ments were made using both sides of the leaf with a flow rate of 1/ min -1 over 24.5 cm 2 of leaf surface except during August when a connection was inadvertently plugged during repairs causing the gas to flow only across the underside of the leaf surface. Tests showed this reduced net CO 2 assimilation by 15 or 20 percent, but had little effect on the relative differences between the resistances being studied. Measurements of CO2 diffusion resistance in . the gas phase of the mesophyll tissue were made by varying the ambient pressure and applying the analysis developed previously (3).
The assimilation of CO 2 was measured at two light intensities, 715 and 260 pe m -2 3-1 , and at least three ambient CO 2 levels ranging from 220 to 800 mg m -3 . Values of the physical part of the liquid phase mesophyll CO 2 transfer resistance across the cell walls and membranes were calculated from linear regression of the CO2 response curves using Jones and Slatyer's equation with ambient 0 2 held at one percent (7).
The stomatal and cuticular resistance, rs, was obtained from transpiration rates and included 110 s of boundary layer resistance resulting from the leaf chamber geometry and the gas flow rate (3). RESULTS
A total of 63 leaves were taken into the laboratory and their CO 2 exchange properties studied in detail.
Typical results including the more interesting data are presented in Table 1 .
The table includes four sections with the leaves in each section ranked according to the amount of carbon they were able to fix under high light and CO2 conditions.
The measurements made on these leaves were not intended to mimic photosynthetic rates in the field, but rather to search for differences in gas exchange parameters that may have been imprinted by previous conditions as the leaves grew in the field.
The dark respiration was measured the first minute or so after the light was turned off.
In general the values were little different, falling in the range of 0.06 to Younger leaves tended to show larger values as did several of the cold and water stressed plants. Leaf 1 had highest respiration rate of 0.19. It was from a plant in a group in the optimum fertility and water area that had all leaves removed the third week in August.
The young leaves that grew from these plants showed high rates of CO 2 fixation and large initial dark respiration. This may have been associated with their large root to leaf ratios providing unusally large sinks for the newly fixed carbon.
The resistances to CO 2 diffusion in the gas phase of the mesophyll tissue did not show any striking differences due to the treatments, falling generally in a range less than 200 m s -1 .
The measurements at low light levels were not as interesting as those at saturating light because the experimental errors are larger by comparison than those at high light were the CO 2 flux is greater. The results at low light did show the same general trends at those under high light, though the resistances were generally larger. Results from low light observations are included in Table 1 for leaves 2, 8, and 13, to illustrate the range of numbers that occurred. The values for the resistance to CO2 transport from the cell wall into the chloroplast, r, and the residual "carboxylation" resistance, rc, are the most interesting parameters. Values for r c were calculated from the classical analogue resistance relation, which defines r c as the apparent residual, i.e., C a -C P (I) r s + r r c where P is the gross rate of CO 2 fixation, Ca the concentration of CO 2 in the air outside the leaf, r s the combined stomatal and boundary resistance to CO 2 transport, and C is the average concentration of CO2 in the chloroplasts.
Assuming second order kinetics one may also express P as As the rate of carbon fixation decreases the results in Table 1 show that either the liquid phase transfer resistance to CO 2 flow into the chloroplasts increases, or the carboxylation resistance increases, or both. For example, leaf 4 fixed less carbon than leaf 2 because of a larger resistance to CO2 transport into the chloroplasts though there was no obvious reason why this should have occurred.
Leaf 5 fixed less carbon than 3 because of higher resistances to both CO 2 transport into the chloroplast and to carboxylation. It may be noted that the experimental error involved in measuring the CO 2 assimilation rates was no more than + 0.03 mg m-2 s -I . Thus the difference was real in the leaves' abilities to fix CO2
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at high light and ambient CO 2 levels.
Nitrogen deficient leaves that showed the higher rates of CO 2 assimilation tended to show some limitations due to carboxylating activity, i.e., leaves 6 and 7, compared to 1 and 2. At lower rates however, liquid phase transport resistances were large. Water stressed leaves fixing carbon at lower rates did show predominantly high resistances to CO 2 transfer into the chloroplasts (leaves 12-14).
This has also been observed in water stressed cotton leaves (6).
In Leaves 12-14, resistances were so large to be identical but leaf 19 had obviously been injured by freezing for its stomata resisted opening even in the laboratory. Its r and r c values, as well as its respiration, were large. The leaf was from one of the plants that had been defoliated in August while leaf 18 was from a nearby plant that had not had its leaves removed.
DISCUSSION AND CONCLUSION
My confidence in the values of r is no more than t 100 m -1 based on variation of the measurements that made up the CO 2 response curves.
The values were obviously too large when they forced r c to be negative. This is a serious limitation in the analysis of stepwise resistances to CO2 assimilation. It probably arises from some of the assumptions made in the Jones and Slatyer derivation which are not adequate for all types of stressed leaves grown in the field, i.e., r may sometimes be a function of internal leaf CO2 levels.
One may ask what effect removing the leaf from the plant has on CO2 responses. In the case of sugarbeets, removal evidently does not cause much change for several hours provided the petiole is kept submerged in water. In preliminary trials, leaves attached to potted plants were placed in the chamber and allowed to come to steady state under the high light and CO2 conditions. The petioles were then cut and after a minute or so the CO2 assimilation returned to its previous steady level and remained near there for about five hours before beginning to gradually decrease.
The data reported here were obtained within at least 3.5 hours following leaf removal.
While the experiment described here was of an exploratory nature, the four types of resistances did not generally indicate sharp individual correlations with differently stressed leaves that had obviously developed different inherent abilities to fix CO 2 . The inherent differences themselves did seem to transcend the change form field plants to excised leaves fixing CO 2 under controlled laboratory conditions.
In general, the data indicated that the resistance to CO 2 transport form the cell wall into the chloroplast may increase following water stress and some types of chilling. In other cases, the CO 2 fixation rate is limited more by the carboxylation resistance which maybe interrupted as less than optimum amounts of RuBP attached to active carboxylation sites in the chloroplasts. Differences in stomatal resistance, gas phase mesophyll resistance, and dark respiration were generally small. Unfortunately, it is still not apparent how one might make a simple CO 2 exchange measurement on a few leaves in the field that would signal the onset of plant stress before any visual signs occur. We must better understand and model the kinetics of CO 2 assimilation to reach that important goal. Nevertheless, it is obvious that differences do exist and, because they do, the potential for progress is real. 
